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(54) Vehicular air conditioning apparatus 

(57) Described is an apparatus for air conditioning a 
passenger compartment of an autbmotiyevehicle which 
achieves a quick warming-up of the passenger cbrri- 
partment. In the air conditioning apparatus, in addition 
to a coolant of a vehicular engine which is utilized as a 
heat source of a heater core (16), a highly compressed 
refrigerant discharged from a compressor (11) can be 
utilized as a heat source of a sub condenser (24) which 
is disposed in an air passage of the air conditioning 
apparatus, during the inside air warming up in the pas- 
senger compartment During the t warming up operation, 
the refrigerant discharged from the compressor (1 1) is 
circulated through a bypass line bypassing a condenser 
(12) disposed at a front part of an engine compartment 
and through the sub condenser (24) and an evaporator 
(15). 
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Description * 

• ; • --y . * ■ 

BACKGROUND OF THE INVENTION: 

a) Field of the inventi h:, % ^ ^ m 5 

[0(to|^ ^^^resent inventiori^elat^tb a:^icu^aj'r';. 
- ; c^n^^6n{jH^\s(^paratus having a;quic»<{warrni^g-up;#er- 
formahce using' a plurality of heat sources. 'V v 1 

b) Description of the related art: ^; i/y 



[0002] vA previously- proposed automotive; air condi- 
tioning system is constituted by an air heating purpose . 
coolant distribution line utilizing a vehicular engine cool- 
ant of a vehicular engine which is aXdriving^purce. (a , 
prime mover) of the vehicle as a heat ^urce'.and.by.an 
air cooling purpose refrigerant distribution line utilizing a 
highly pressurized refrigerant discharged .from a com- 
pressor as another heat source. < • v ; , v ,;. " 
[0003] For example, the previously proposed vehicular 
2air!;co is cpnstituted;by a) trie coolant 

^teimpefature pisjr i^ion line ha^irjg an f: engine]acket3an 
Vi ;eiectrom^ for ^rforrrimg 

^ a; heat exchange" between a supplied' engine coolant 
and an. introduced air (air introduced for the air condi- 
tioning purpose) to heat the introduced air at a heater 
core and for returning the heat exchanged coolant to the 
engine jacket and by b) the refrigerant distribution line 
having a compressor, an electromagnetic valve, a heat 
exchangeable condenser, a check 1 valve, a liquid tank, 
an expansion valve, and a piping member for cooling or 
dehumidify an introduced air through an evaporatorcand 
for returning the evaporator passed refrigerant to a com- 
pressor. 

[0004] In addition, the previously proposed automatic 
air conditioning system .includes: an int^e ddor idriven 
to be pivoted on its axle by means of anlactuator so. as 
to selectively iritroduce^ah inside air in at passenger 
compartment or an external air external to the vehicle? 
and a fan of a blower. . s 
[00^^^Stfch|ia previously proposedjyehicular air con- 
ditioning system as described above is exemplified by a 
: Japanese Patent Application First Publication No. Hei- 
sei 9-109669 publijshed on April 28, 1997. 

SUMMARY OF TTHE INVENTION: 



and/or a running' load of the vehicle-is lightMhe engine 
^o^lant temperature is not raised so that a rise in tem- 
perature of the introduced air by means of the heat 
heater 'core Js. insufficient. Conse- 



anges hi the 



quently, it^takesa considerably long time to raise the air 
[erature inside a passenger compartment up to a 
^l^pefrg&rel^driv^r or a vehicular occupant 



25 



30 



35 



40 



45 



\ [OO06£^ of the^engine coolant is 

ra^..^|^^^re : bf the introduceSdair to be heated 

-by ;rimrai^^&"|^ter^Gore is notaceprdingly raised; In 
other wj^s^thwa^ air ^^min^-u^ piction of the previ- 
ously proposed 
susceptible 
dependent 

engine). i; v; ->>.:; ■ : .3&®¥®ffi& 
[0007] 



50 





[rdingj^, hasffcn unpleasant feeling. In addition, for 



exapftple, if the engine is, so-paHed, of ajean. burn, typec 
(a^ih foel|mixture ratio driven typei); a'th^ermaf (^pacity» » 
offtfte engine coolant utilizable Js.origihatly ard inhe^ 
errtjy small. In this example, the above^escribed prpbf' 



lem tends to become remarkable: 



temperature if relatively low, jfti$8n^^^ 



.„ ''•KK.i.s ' 

nk - . .■■ ■■• • * ■.-■::•> n'^-^-'M-^ .■**. 
[0008] Furthermore,, a dehumidifying ,f unctipri -during'. 

the^warming-up drive mode is-npt provided -imtiie previ- 
ously proposed ." automotive air conditioning isystem. 
Hence, since a moisture-generated by the occupant(s) 
cannot be eliminated from the inside ; air^ of the passen- 

<ger compartment, the external air (E) whose moisture 
content is lower than thatof<the inside/air is required « 
to be introduced to dehumidify the inside air. Hence, an 
enftgy Efficiency becomes, worsened since the low- 
temperature externaLair (E) is used as the introduced 
air^iVougtfthe intake door - :> ** 1 

[000:9] It is, therefore, an object of the present inven- 
tion to provide a vehicular air conditioning apparatus 
having a quick (inside) air warming-up function and 
which is superior in ah energy saving characteristic. 
[0010] According to one aspect of c the present inven- 
tion, there is provijded with a vehicular air conditioning , 
apparatus, ^ cqrripVising: an air pas^gejnto 'which an air 
is enabled to be ! swcked; an evaporator disposesd in the 
air passage; a heater core disposed in the air passage 
at a downstream side with respect to the evaporator; a 
coolant water distributing, line disposed so as to enable 
a circulation of an j 'engine coolant of a v^hiciilar engine 
through the theater' cbre; a\c6mpreSsor^a> heat: 
exchange enabling coijder«er; a .r ( efrigerant;djstri^ 
line disposed so as to VnaWe^circu^ 
ant discharged/from the compressor, thrpuigh the con- 
denser and the evaporator; . a heat-exchange enabling 
sub condenser disposed in the air passage at a down- 
stream side with respect to the evaporator arid con- 
nected to the refrigerant distributing line in series with 
the. condenser and the evaporator; a bypass line 
bypassing the condenser so as to enable a direct con- 
nection of the compressor with the sub condenser; a 
coolant temperature detector for detecting a coolant 
temperature of the engine; coolant; a warm-up drive 
command generator for generating a warm-up drive 
command; and a <x)ntrpller^in response to the warm-up 
drive command, for irtrcdudhg the refrigerant into the 
bypass line to circulate the refrigerant through the com- 
pressor, the bypass line, the sub condenser, and the 
evaporator on the basis:X)f the detected coolant temper- 
ature and for selectively introducing an inside air of a 

. passenger compartment into the air passage on the 
basis of the coolant temperature. 
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[0011] According to the present invention, since a 
highly compressed refrigerant discharged from the 
compressor can be utilized at the sub condenser as a 
heat source in addition to the engine coolant of the 
vehicular engine which is the running driving source 5 
during the warming-up drive mode, a quick rise in tem- 
perature of the introduced air (the air introduced for the 
air conditioning) can be achieved and the air tempera- 
ture within the passenger compartment can be raised in 
a short period of time. In addition, since the dehumidrfi- w 
cation function during the warming-up drive mode is 
provided, it is not necessary to suppress a possibility of 
generating a mist (or cloud) on an inside surface of each 
windshield of the passenger compartment and the 
inside air having a high temperature than the outside air 15 
can be utilized as the introduced air. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0012] 20 

Fig. is an overall schematic view of a preferred * 
embodiment of a vehicular-air conditioning appara- 
tus according to the present invention. 
Fig. 1 B is a schematic circuit block diagram of a 25 
controller of the vehicular air conditioning appara- 
tus in the embodiment shown in Fig. 1 A. 
Fig. 2 is an operational flowchart for explaining an 
(inside) air warning-up drive mode executed in the 
controller shown in Fig. 1B. 30 
Fig. 3 is an operational flowchart for explaining an 
operation in the vehicular air conditioning appara- 
tus shown in Fig. 1A particularly during an engine 
idling condition. 

35 

BEST MODE FOR CARRYING OUT THE INVENTION: 

[001 3] Reference will hereinafter be made to the draw- 
ings in order to facilitate a better understanding of the 
present invention. 40 
[0014] Fig. 1A shows a preferred embodiment of a 
vehicular air conditioning apparatus according to the 
present invention. 

[0015] Fig. 1 B shows a schematic diagram of a con- 
troller of the vehicular air conditioning system. .- 4S 
[0016] In the;vehicu]ar air -conditioning apparatus of^: 
the preferred embodiment shown in Fig. 1 A, an evapo- 
rator 15 (most upstream side) having an expansion 
valve 14, a heater core 16, and a sub condenser 24 
(most downstream side) are disposed in thissequence so 
from an upstream side with respect to a blower fan 17 
adjacent to an intake door 1 8 within an air passage P in - 
which an introduced air (air introduced for the air condi- ; 
tioning purpose) is streamed by means of the blower fun . 1 
17. On the o^eKhand, the vehicle in which the air con- 55 
ditioning apparatus in the preferred embodiment is 
mounted includes an engine compartment in which a< 
condenser- 12 used to perform a heat exchange. 



between a refrigerant passing through the condenser 
12 of the air conditioning apparatus and an outer air 
external to the air conditioning apparatus and a fan 23 
used to promote the heat exchange in the condenser 23 
are disposed at a front part of the engine compartment. 
[0017] An actuator 19, for example, constituted by a 
DC motor is disposed so as to drive the intake door 18 
to be pivoted on its axle at either of two selected posi- 
tions, thus the intake door 18 sel^ivelyJinVoducing' 
either an inside (inner) air (I) or an exte(n^ pouter) air : 
(E) into the air passage (P). TtieinsW 
air inside a passenger corrpartmentpartic^ 
an inlet part of the air conditioning apparatus/ the exter- ' 
nal air (E) means an air outside the passenger compart- 
ment particularly from an external to the vehicle. The 
actuator 19 shown in Fig. 1 A is connected to a controller 
100 shown in Fig: 1 B so that the intake door 18 is piv- 
oted to select the introduced air according to a corre- 
sponding command issued from the controller 100 to* 
the actuator 19/ 

[0018] An operation of the controller 100- will be 
described later. 

[0019] In addition, the piping : system of the vehicular 
air conditioning apparatus in the preferred embodiment 
includes a (high temperature) coolant distributing line 
for enabling a circulation of an engine coolant of an 
engine jacket 10 through the heater core 16 and a 
refrigerant distributing lines (first, second, and third 
refrigerant lines) used to circulate the refrigerant dis- 
charged from a compressor 11 through the condenser 
12 and/or the sub condenser 24. 
[0020] The high temperature coolant distributing line 
includes a first piping member distributed from an 
engine jacket 1 0 to the heater core 1 6 and a second pip- 
ing member distributed from the heater core 16 via an 
electromagnetic valve 21 to the engine jacket 10. A 
coolant temperature sensor 101 is dispbsed in either of' 
the first or second piping member^to^ 
coolant temperature (T): It is notecl ^thaf the coolant tem- 
perature sensor 101 may be disposed in the engine 
jacket 10. 

[0021] The first refrigerant distributing line is a main 
line having a third piping member distributed from a dis- 
charge side of the compressor 11 to an intake side of 
the compressor 11 via an electromagnetic valve 22, the 
condenser I2,a check valve 20; the sub condenser 24, 
a liquid tank 1 3, the expansion valve 14, and the evapo- 
rator 15. 

[0022] The second refrigerant distributing line B is a 
bypass line. bypassing the condenser 12. The second 
refrigerant distributing line B includes a fourth piping 
member ; connecting a first three-way connector 28 
located in a midway through the compressor 1 1 arid the 
electromagnetic valve 22 and a second three-way con- 
nector 29 located in a midway through the check valve 
20 and the sub condenser 24. The fourth piping mem- 
ber is provided with an electromagnetic valve 26 and a 
check valve 25.; 
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[0023] .. The third refrigerant line S is a refrigerant col- 
lecting line S used to return a part of refrigerant resided 
in the condenser .12 to the intake (suction) side of the 
compressor 11. An electromagnetic valve 27 is dis- 
posed in a midway through its. piping member. A third 5 
three-way connector 30 and a fourth three-way connec- 
tor 31 are.used to form the third refrigerant distributing 
line 

[0024]-.,,.. The controller 100, as shown in frig. 1B, 
includes^a microcomputer having a CPU, RAM, ROM;- 10 
and | a common bus,.and}'l/p port, ; . > 
[0025].v, .The^controller <\ 00 receives Mpput signals indi-^ 
eating; for example.an external air temperature (ambi- ~ 
ent temperature), a sunshine quantity, an inside air 
temperature of the passenger compartment (incar tern- 15 
perature), a temperature-set value set through a tem- 
perature switch : by . a/ vehicular- occupant (this 
corresponds Jo.a. warn-up command generator for gen- 
erating a warn-up command or a coo! command gener- 
ator for generating a cool command, these commands 20 
being determined ^according to the ;set temperature 
value), .executes a calculation processing, and carries 
out automatically switchings of'anvqutlet .lemperature, 
an outlet wind quantity, air inlets, and so forth. These 
functions of the controller 100 are exemplified by a 25 
United States Patent No. 5,499.511 (the disclosure of 
which is herein incorporated by reference). 
[0026] The controller 1 00 shown in Fig. 1 B omits such 
input signals from corresponding sensors and output 
signals as described above and the controller 100 30 
shown in Fig. 1B indicates only the input signals and 
output signals concerned with the embodiment shown 
in Fig. 1A. 

[0027] Next, flows of the high temperature engine 
coolant in the coolant distributing line and of the refrig- 35 
erant in the refrigerant distributing line will be described 
during .the.air.warmingrup drive mode (stage);pf the air- 
conditioning apparatus shown in Figs. 1A.and*1B. < *- 
[0028] r First, the controller 100 receiyes^the wamvup 
drive command from the temperature set switch. 40 
[0029] jn the high temperature coolant distributing 
line, the electromagnetic valve 21 is set to an " open " . 
position (not shown) according to an open command 
signal derived from the controller 100. 
[0030] . While the electromagnetic vatve 21 is open, the - 45 
engine coolant, supplj^tfrpirn -the.engine jacket . 10 is r < 
introduced into the heater core. 16 so that the introduced 
air passing the heater core 16 is heated. 

' [0031] . On theother hand, since both electromagnetic . 

* valves 22 and 27 are set to " closed " positions accord- so 
ing to close ; commands derived from the controller 100, 1 
the bypass Jine/B (the, seppnd refrigerant -distributing > 
line)-bypa^pgyh^ is noted - 

that before . rte^ 
distributing^ 

netic vajve£7>&^ corv 
denser 1 2l^liminated/ ' >f : ^ . v; , 

[0032] Hence, the highly compressed refrigerant of : 



the high temperature and under a high pressure due to 
the compression thereof by means of the compressor 
1 1 flows through the three-way connector 28 and 
bypasses the condenser 12 to_be introduced into the 
sub condenser 24 via the electromagnetic valve 26, the 
check valve 25, and the three-way connector 29. The 
refrigerant in the.sub condenser 24 is cohdensed and 
thermally radiated to perform the heat exchange to raise 
the introduced air passing the sub condenser 24. ; 
[0033] Thereafter, a liquefied refrigerant passed 
through the liquid tank 13 is throttled in the' expansion 
valve 14 c and its pressure is relieved '(reduced) by the 
expansion valve 14: Then, the throttled and relieved liq- 
uefied refrigerant is introduced into the evaporator 15 so 
as to absorb the heat of the introduced air to be evapo- 
rated. Consequently, the introduced air passing through 
the evaporator 15 is dehumidified (cooled). Thereafter, 
the refrigerant passes through the three-way connector 
30 to reach into the compressor 1 1 . The reached refrig- 
erant is again compressed in the compressor 1 1 . 
[0034] A repetition of this cycle described above per- 
mits the warming up of the inside air in the passenger 
compartment due to an energy added by means of the 
compressor 11. 

[0035] As described above, in the vehicular air condi- 
tioning apparatus in the embodiment described above 
according to the present invention, in addition to utilizing 
the engine coolant of the vehicular engine which is the 
prime mover of the vehicle as the heat source of the: 
heater core 16, the highly compressed refrigerant dis- 
charged from the compressor 1 1 can be utilized as the 
heat source of the sub condenser 24. 
[0036] Hence, it is possible to improves quick air- 
warming up performance of the vehicular air condition- 
ing apparatus. 

[0037]' Even if the external air (E) is low, the engine is, 
so-called, at a cold start (the engine has started under a 
considerably low ambient temperature (so that under a 
considerably low engine coolant temperature) or the 
vehicular running load is light, and a rising speed of the 
engine coolant temperature is slow, the temperature of 
the introduced air can quickly be raised. Since the tem- 
perature within the passenger compartment is raised in 
a very short period of time, it becomes more comforta- 
ble (pleasant) for the driver or passenger occupant(s). 
[0038], --In addition, since the refrigerant resided in the 
condenser 1 2 is eliminated before the start of the warm- 
ing-up drive mode (stage), a reduction in the warming- 
up performance or a reduction of lubrication ability due 
to' a lack in a : circulation refrigerant quantity can be 
avoided. Consequently, a stable air warming-up drive of 
the vehicular air conditioning apparatus can be 
achieved. 

[0039] Fig. 2 shows an example of an operational 
flowchart executed in the controller 100 (shown in Fig. 
1 B) in the warming-up drive mode. 
[0040] First, at a step S1 1 , in response to the warm- 
up drive command, the CPU of the controller 100 reads 
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the engine coolant temperature T detected by the 
engine coolant temperature sensor 100 and compares it 
with a predetermined set (threshold) value Tmax, for 
example, 50°C. If T < Tmax at the step S11 (Yes), the 
routine goes to a step S12 in which the CPU reads a 5 
discharged refrigerant pressure Pd of the compressor 
1 1 and compares it with a predetermined set value 
Pmax, for example, 23 Kg/cm 2 . If Pd > Pmax (Yes), the 
routine goes, to a step S13. If Pd s Pmax (Pmax < Pd)* 
at the step S12, the routine goes to a step S16. If T ^ 10 
Tmax (No) at the step S^T, the routine goes to the step 
S16. \, 7* 

[0041]: At the step S13. the CPU of the controller 100 
determines whether the compressor 11 is turned to 
OFF or to ON. 15 
[0042] If the compressor 1 1 is turned to ON (NO). at 
the step S13, the routine goes to a step S15. 
[0043] If the compressor 1 1 is turned to OFF at the 
step S13 (Yes), the routine goes to a step S14 in which 
the compressor 1 1 is turned to ON and goes to the step 20 
S15. 

[0044] At the step S1 5 ( the CPU of the controller 1 00 
issues a drive command to the actuator 19 to pivot the 
intake door 18 to be placed in a selected position so as 
to introduce the inside air (I) as the introduced air. 25 
[0045] On the other hand, at the step S16, the CPU of 
the controller 100 determines whether the compressor 
1 1 is turned to ON or turned to OFF If the compressor 
1 1 is turned to ON (Yes) at the step S16, the routine 
goes to a step S1 7 in which the compressor 1 1 is turned 30 
to OFF. If the compressor 1 1 is turned to OFF (NO) at 
the step S1 6, the routine goes to a step 31 8 in which the 
CPU of the controller 100 issues a drive command to 
pivot the intake door to another selected position so as 
to introduce the external air (E) as the introduced air. 35 
[0046] Since the air conditioning apparatus provides 
the dehumidification function during the, operation of the 
compressor 1 1 , the inside air (I) is introduced in the air 
passage (P). If the engine coolant temperature is 
raised, it becomes possible to heat the introduced air 40 
only through the heater core 16. Hence, the compressor 
11 is turned to OFF and the introduced air is the exter- 
nal air (E). Consequently, an energy efficiency is 
improved and an energy saving is achieved. 
[0047] On the other hand, depending upon a driving 45 
situation of the vehicle, such a phenomenon that a 
cloud is developed on an inner surface of a front or side 
windshield of the vehicle is allowed to be admitted. 
[0048] For example; suppose that a vehicular occu- 
pant takes a temporary sleep in the passenger compart- so 
ment during the engine idling. Hence, an exclusively- 
used switch (hereinafter, referred, also to as a sleep 
switch) used for the vehicular occupant for forcefully set 
the intake door.to be placed at the selected position so 
as to ii^oduce; the introduced air ss 

during its turVi ' tp' H QN w ) may be provided.' 
[0049] Fig. 3 shows a control flowchart executed in the 
controller 100 when the engine idling occurs and the 



exclusively-used switch (sleep switch) is operated as 
described above. 

[0050] First, at a step S21 , the CPU of the controller 
100 determines whether the engine falls within the 
engine idling according to an engine idling switch. It is 
noted that the confirmation of whether the engine falls in 
the engine idling condition may be carried out by 
another way although the controller 100 determines the 
engine idling when the engine idling switch is turned in 
the ON state. . ; ; 

[0051] When the CPU of the controller 100 deter- 
mines that the engine 'falls within this idling condition 
(Yes) at a step S21, the routine goes to a step S22 in 
which the CPU of the controller 100 issues the drive 
command to the actuator 19 so that the intake door 18 
is placed at the intake air (I) selected position. However, 
if the engine does not fall within the engine idling condi- 
tion, the routine goes to a step S29. 
[0052] Then, the routine goes to a step S23 in which 
the detected engine coolant temperature T is compared 
with the predetermined set (threshold) value Tmax. 
[0053] If Tmax m T at the step S29 (NO), the routine 
goes to a step S27 in which the CPU of the controller 
100 determines whether the compressor 1 1 is turned to 
ON. It is noted that at the step S23 (Yes), the routine 
goes to a step S24. If Pd < Pmax (S24). the routine 
goes to a step S25. 

[0054] It is noted that at the step S23 the CPU of the 
controller 100 issues the drive command to the actuator 
19 so that the intake door 18 is pivoted at the selected 
position at which the inside air is selected to be intro- 
duced into the air passage (P). 

[0055] If the compressor 1 1 is not turned to OFF at the 
step S25 (NO), the routine is ended. If the compressor 
1 1 is turned to OFF (Yes) at the step S25, the routine 
goes to a step S26 in which the compressor 1 1 is turned 
to ON and the routine is ended. 

[0056] If Tmax * T at the step S23 (NO) or if Pmax * 
Pd at the step S27 (NO) at the step S28, the routine 
goes to the step S27 in which the CPU of the controller 
100 determines whether the compressor 1 1 is turned to 
OFF at the step S28. 

[0057] If the compressor 1 1 is turned to OFF (NO) at 
the step S27, the routine is ended. 
[0058] If the engine does not fall in the engine idling 
(NO) at the step S21 , the routine goes to a step S29 in 
which the control flow shown in Fig. 2 is advanced. 
[0059] In details, since the intake door 1 8 is forcefully 
placed at the inside door selected position through the 
manual operation of the sleep switch, the introduced air 
is not changed to the outside air (E) even if the engine 
coolant temperature is raised. Hence, even if the driving 
situation which does- not correspond to an automatic 
control through the controller 100 occurs; according to 
the determination by the vehicular occupant a flexible 
coping with the driving condition of the vehicle can be 
made. In addition, the reason that the CPU of the con- 
troller 100 determines the presence or absence of the 
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idling driving at the step S21 is to prevent the erroneous 
operation during the running of the vehicle due to the 
vehicular occupant's failure to turn the sleep switch to 
OFF 

[00S0] To reduce the apparatus manufacturing cost, it s 
is desirable to use priority control means such as the 
sjeep switch described above commonly with a control 
program or a control circuit of the controller 100 has 
modified. 

[00S1] Next, streams of the refrigerant and the high w 
temperature coolant dy ring a cooling drive of the air 
conditioning apparatus will be described with reference 
to Fig. 1A. 

[00S2] To reduce the apparatus manufacturing cost, it 
is desirable to use a priority control means such as the 15 
sleep switch commonly with the control program or cir- 
cuit that the controller 100 has modified. 
[00S3] Next, the flows of the engine coolant in the 
coolant distributing line and the refrigerant in the refrig- 
erant distributing line will be described below. 20 
[0064] The controller 100 receives the temperature 
set value from the temperature set switch which is the 
cool drive, command. 

[00S5] During the cooling drive mode, the electromag- 
netic valve 21 is closed so that the high temperature 25 
engine coolant distributing line is interrupted. Hence, 
the engine coolant in the engine jacket 10 is not intro- 
duced into the heater core 16 and the high temperature 
engine coolant distributing line shown in Fig. 1 A does 
not function. 30 
[00S6] On the other hand, the electromagnetic valves 
26 and 27 are closed in the second and third refrigerant 
distributing lines B and S. Hence, the first refrigerant 
distributing line passing through the condenser 12 out- 
side the passenger compartment functions. 35 
[0CS7] The refrigerant compressed by means of the 
compressor 11 passes through the electromagnetic 
valve 22 and the three-way connector 31 without 
bypassing the other second and third refrigerant lines of 
B and S through the three-way connector 28 to be intra- 40 
duced into the condenser 12 in which the heat 
exchange to the external air (E) is carried out. 
[00S8] Furthermore, the refrigerant in the condenser 
12 is introduced to the liquid tank 13 via the check valve 
20, the three-way connector 29. and the sub condenser 45 
24. 

[00S9] Thus, the refrigerant passed through the liquid 
tank 13 is throttled via the expansion valve 14, its pres- 
sure thereof is, reduced by the expansion valve 14 and 
is introduced into the evaporator 15. The refrigerant in so 
the evaporator 15 is heat exchanged with the air pass- 
ing through the evaporator 1 5 to cool (or dehumidif y) the 
passing air. Then, the refrigerant passes through the 
three-way connector 30 to be introduced into the com- 
pressor 1 1 so as to be compressed again ther at. ss 
[0070] The above-described cycle is repeated to per- 
form the cooling inside the passenger compartment. 
[0071] It is noted that, in the embodiment shown in 



Fig. 1 A, the sub condenser 24 is located at the down- 
stream side of the heater core 16. Alternatively, the sub 
condenser 24 may be disposed in the air passage (P) 
between the evaporator 15 and the heater core 16. 
[0072] It is noted that the discharged pressure of the 
refrigerant Pd from the compressor 1 1 is detected by 
means of a pressure sensor 102 located in the liquid 
tank 13. 

[0073] It is also noted that although not shown a ven- 
tilator outlet, a foot outlet, and a defroster outlet are pro- 
vided in the air passage (P) at the downstream side of 
the sub condenser 24 shown in Fig. 1 A and these out- 
lets, the compressor, and the blower fan are exemplified 
by the United States Patent No. 5,499,51 1 issued on 
March 19, 1996 (, the disclosure of which is herein 
incorporated by reference). It is of course that the 
blower fan 1 7 is connected to the controller 1 7. 

Claims 

1 . A vehicular air conditioning apparatus, comprising: 

an air passage into which an air is enabled to 
be sucked; 

an evaporator disposed in the air passage; 
a heater core disposed in the air passage at a 
downstream side with respect to the evapora- 
tor; 

a coolant water distributing line disposed so as 
to enable a circulation of an engine coolant of a 
vehicular engine through the heater core; 
, a compressor; 
a heat-exchange enabling condenser; 
a refrigerant distributing line disposed so as to 
enable a circulation of a refrigerant discharged 
from the compressor through the condenser 
and the evaporator; 

a heat-exchange enabling sub condenser dis- 
posed in the air passage at a downstream side 
with respect to the evaporator and connected 
to the refrigerant distributing line in series with 
the condenser and the evaporator; 
a bypass line bypassing the condenser so as to 
enable a direct connection of the compressor 
with the sub condenser; 
a coolant temperature detector for detecting a 
coolant temperature of the engine coolant; * 
a warm-up drive command generator for gen- 
erating a warm-up drive command; and 
a controller, in response to the warm-up drive 
command, for introducing the refrigerant into 
the bypass line to circulate the refrigerant 
through the compressor, the bypass line, the 
sub condenser, and the evaporator on the 
basis of the detected coolant temperature and 
for selectively introducing an inside air of a pas- 
senger compartment into the air passage on 
the basis of the coolant temperature. 
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2. A vehicular air conditioning apparatus as claimed in 
claim 1 , wherein the bypass line is disposed in par- 
allel with the condenser, the condenser being dis- 
posed in a front part of an engine compartment 
before the vehicular engine and three-way connec- 
tors for the bypass line being connected to the 
refrigerant distributing line at both ends of the con- 
denser. 

3. A vehicular air conditioning apparatus as claimed in 
claim 2, wherein the evaporator, the heater core, 
and the sub condenser are disposed in the air pas- 
sage in this sequence at a downstream side with 
respect to a blower fan disposed in the air passage 
for enabling the suction of the air to be introduced 
into the air passage. 

4. A vehicular air conditioning apparatus as claimed in 
claim 3, which further comprises a first electromag- 
netic valve disposed in the bypass line and a sec- 
ond magnetic valve disposed in the refrigerant 
distributing line at an upstream side with respect to 
the bypass line and wherein the controller, in 
response to the warm-up drive command, issues a 
close command to close the second magnetic valve 
and an open command to open the first magnetic 
valve so that the refrigerant discharged from the 
compressor is circulated through the bypass line, 
the sub condenser, and the evaporator. 

5. A vehicular air conditioning apparatus as claimed in 
claim 4, which further comprises a liquid tank dis- 
posed in the refrigerant distributing line at a down- 
stream side with respect to the sub condenser and 
an expansion valve disposed in the refrigerant dis- 
tributing line at an upstream side with respect to the 
evaporator. 

6. A vehicular air conditioning apparatus as claimed in 
claim 5, which further comprises a refrigerant col- 
lecting line distributed between an intake side of the 
compressor and one downstream end of the con- 
denser for enabling a collection of a part of the 
refrigerant resided in the condenser into the com- 
pressor. 

7. A vehicular air conditioning apparatus as claimed in 
claim 6, wherein the warm-up drive command gen- 
erator comprises a temperature switch for setting a 
desired temperature value of the inside air by a 
vehicular occupant. 

8. A vehicular, air conditioning apparatus as claimed in 
claim 6. wherein the controller, in response to the 
warm-up drive ^ command; from the warm-up drive 
command generator, determines whether the 
engine falls in an idling condition and whether the 
detected coolant temperature (T) is lower than a 



predetermined set value (Tmax). 

9. A vehicular air conditioning apparatus as claimed in 
claim 8, wherein the controller determines whether 

5 a discharge refrigerant pressure (Pd) discharged 

from the compressor is lower than a predetermined 
discharge refrigerant pressure set value (Pdmax) 
when determining that the coolant temperature is 
lower than the^predetermined set value. 

w ■ ■ - - 

1 0. A vehicular air conditioning apparatus as claimed in 
claim 9, wherein the controller further determines 
whether the compressor is operated when deter- 
mining that the engine is in the idling condition and 

15 that the detected coolant temperature is lower than 
the predetermined set value. 

1 1 . A vehicular air conditioning apparatus as claimed in 
claim 1 0, wherein the controller turns on the com- 

20 pressor to operate the compressor when determin- 
ing that the compressor is not operated and that the 
detected coolant temperature is lower than the pre- 
determined set value. 

25 12. A vehicular air conditioning apparatus as claimed in 
claim 1 1 , wherein the controller issues a command 
to an actuator of the intake door to selectively intro- 
duce the inside air into the air passage. 

30 1 3. A vehicular air conditioning apparatus as claimed in 
claim 12, wherein the liquid tank includes a pres- 
sure sensor for detecting the discharge refrigerant 
pressure (Pd) discharged from the compressor and 
outputting the detected discharge refrigerant pres- 

35 sure to the controller. 

14. A vehicular air conditioning apparatus as claimed in 
claim 12, which further comprises a manual switch 
for forcefully commanding the actuator of the intake 

40 door to selectively introduce the inside air into the 
air passage via the controller. 

1 5. A vehicular air conditioning apparatus as claimed in 
claim 1 1 , wherein the controller turns off the com- 

45 pressor when the detected coolant temperature is 
equal to or above the predetermined set value or 
when the discharge refrigerant temperature is 
equal to or above the predetermined discharge 
refrigerant pressure set value (Pmax). 

50 

1 6. A vehicular air conditioning apparatus as claimed in 
claim 11, wherein the controller turns off the com- 
pressor and issues a command to the actuator to 
pivot the intake door so as to selectively introduce 

55 an external air outside the vehicle when determin- 
ing that the engine is not in the idling condition and 
that the detected coolant temperature is equal to or 
above the predetermined set value or when deter- 
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mining that the engine is/h^|q|he.iidling condition 
and that the discharge refrigerant temperature is 
equal to or above the pr^^termined discharge . 
refrigerant pressure .s^^u^^max);'.- y ■-. . ■ 

1 7. A vehicular air conditioning apparatus as claimed in 
claim 16, wherein the predetermined engine cool- 
ant value (Tmax) is approximately >50 : > 0 G v and 4 the 
predetermined discharge«*£refrigerar%^ pressure 
(Pmax) is approximately 23 Kg/cm 2 . w 
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